ABSTRACT
Idiopathic inflammatory myopathies (IIMs) is a heterogeneous group of autoimmune myopathies, characterized by proximal muscle weakness and inflammation of muscles and other organs. 1 Dermatomyositis (DM) and polymyositis (PM) are the two main types in which the incidence and prevalence of DM is 1.4 and 5.8 cases per 100,000 persons in a recent study in U.S. with female preponderance and a higher prevalence among older age group, while the prevalence of PM is 9.7 per 100 thousand people. 2 Despite their different pathological characteristics, both disease types cause muscle inflammation and tissue damage because of deposition of immune complexes, activation of cytokines, and action of adhesion molecules and chemokines. 3, 4 Except for progressive proximal weakness, some patients suffer dyspnea due to interstitial lung disease (ILD) or respiratory muscle weakness, dysphagia related to pharyngeal or esophageal involvement, heart failure or arrhythmia caused by myocarditis, and gastrointestinal bleeding from vasculopathy of the enteron. One of the most common extra muscular involvements is ILD, 5 an intractable and fatal complication in PM/DM with a prevalence rate of 5-65%. 6 More aggressive therapy is required for patients with ILD.
Therefore, an accurate yet simple predictor is urgently needed in the clinical practice to improve the outcome of DM/PM patients with ILD.
The Myositis Disease Activity Assessment Tool (MDAAT), proposed by the International Myositis Assessment and Clinical Studies Group in 2004, 7 is an assessment tool for disease activity in DM or PM patients, which is now commonly used in clinical practice. However, this tool is thought to be too complicated to use in clinical setting.
Interleukin-18 (IL-18), secreted by antigen presenting cells such as macrophages and dendritic cells, is a T helper 1 (Th1) cytokine which plays an important role in the activation of Th1 immune response. 8, 9 Recent studies showed increased serum IL-18 level in patients with different clinical manifestations of DM/PM, 10 especially in those with ILD, 11 further demonstrating the activation of Th1 immune response in idiopathic inflammatory myopathies. However, the clinical consequences and pathomechanism of elevated serum IL-18 level are still poorly understood. Thus, in this study, we aimed to demonstrate the utilization of serum IL-18 level as a biomarker for disease activity and organ damage in patients with DM or PM using the MDAAT.
PATIENTS AND METHODS
For this prospective study, 49 adult patients with idiopathic inflammatory myopathies (13 males, 36 females) were recruited in West China Hospital of Sichuan University, China, from August 2014 to December 2014. Patients were diagnosed with DM (n=33) or PM (n=16) according to the Bohan and Peter criteria. 12, 13 Patients with overlapping syndrome and severe mental or somatic disease were excluded. Twenty age-and sex-matched healthy volunteers (9 males, 11 females) who were determined to be free of autoimmune disease were included as a control group. A written informed consent was obtained from each patient. The study was approved by the West China Hospital Ethics Committee and conducted in accordance with the principles of the Declaration of Helsinki. 7 MYOACT consists of a 10 cm VAS for six organ systems (constitutional, cutaneous, skeletal, gastrointestinal, pulmonary, and cardiac systems) and is used to determine the overall severity of disease activity, globally and in each system. MYOACT scores range from 0 cm to 10 cm. Based on their MYOACT global activity VAS score, patients were subdivided into severe, moderate, and mild disease groups. The cutoff points were as follows: 0= no disease activity; 1-3= mild disease activity; 4-6= moderate disease activity; and 7-10= severe disease activity. MITAX assesses specific manifestations in seven organ systems (constitutional, cutaneous, skeletal, gastrointestinal, pulmonary, cardiac, and muscle systems). For MITAX assessment, three to nine criteria related to symptoms, physical findings, or laboratory abnormalities in each of the seven organ systems are assessed and converted into a score that range from zero to nine. The total disease activity score is calculated by summing the score of each organ system. All MDAAT evaluations were performed by a group of experienced and qualified physicians in the Department of Rheumatology and Immunology of the West China Hospital within one week of patient enrollment.
Serum markers, including creatine kinase (CK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), hydroxybutyrate dehydrogenase (HBDH), erythrocyte sedimentation rate, C-reactive protein, anti-nuclear antibody, and anti-Jo-1 antibody, were measured using standard methods in the Laboratory Department of the West China Hospital. IL-18 Correlates Dermatomyositis Serum IL-18 level was measured by enzymelinked immunosorbent assay (Neobioscience, Shenzhen, Guangdong, China). Briefly, 100 µL of samples (diluted 1:5) and standards were placed in a 96-well microplate and incubated at 36 °C for 90 minutes. The plate was then washed with wash buffer and blocked. Subsequently, 100 µL of detection antibody was added into each well and the plate was incubated at 36 °C for 60 minutes and washed. Following washing, 100 µL of streptavidin-horseradish peroxidase was added into each well and the plate was incubated at 36 °C for 30 minutes in dark. The plate was then washed and 100 µL of substrate solution was added into each well. Following an incubation at 36 °C for 15 minutes, 100 µL of stop solution was added into each well. The optical density at 450 nm was measured using a microplate reader. IL-18 concentrations were calculated based on the optical density values.
Statistical analysis
Numerical data were presented as the mean ± standard deviation or as the median. The Spearman rank correlation test was used to determine the association between ranked variables. Continuous data were compared using the Mann-Whitney U test. All analyses were performed using the IBM SPSS 22.0 statistical software (IBM Corp., Armonk, NY, USA) and Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). P values of <0.05 were considered statistically significant.
RESULTS
Interstitial lung disease was found in 24 patients (48.98%), including 18 patients with DM (54.55%) and six patients with PM (37.5%). There was no significant difference in disease durations between DM patients (17.5±22.3 months) and PM patients (14.9±28.7 months). Serum markers such as CK, AST, ALT, LDH, HBDH, erythrocyte sedimentation rate, C-reactive protein, antinuclear antibody, and anti-Jo-1 antibody were determined. Among these markers, only the serum CK level was found to be significantly different between the DM (439.5±1187.3 IU/L) and PM groups (1133.2±1468.3 IU/L) (p=0.006; Table 1 ). Other demographical parameters and laboratory findings were comparable between the DM and PM groups (Table 1) . pg/mL) was significantly higher than that observed in healthy controls (388.3±139.4 pg/mL, p=0.017) and PM patients (361.0±141.7 pg/mL, p=0.009). There was no significant difference in serum IL-18 level between the PM and healthy control groups (p=0.832; Figure 1 ). DM patients were subgrouped into two based on the presence or absence of accompanying ILD. Serum IL-18 level of the two patient subgroups was compared (Figure 2) . The level of IL-18 in DM patients with ILD (890.5±618.8 pg/mL) was significantly higher than that observed in DM patients without ILD (403.8±84.8 pg/mL, p=0.003). No significant difference in serum IL-18 level was observed between PM patients with or without accompanying ILD (data not shown).
All DM patients were subdivided into the severe (n=13), moderate (n=10), and mild (n=10) disease groups according to their MYOACT global activity VAS score. Serum IL-18 level in the severe disease group (1001.7±694.2 pg/mL) was significantly higher than that of the moderate (485.3±102.3 pg/mL) and mild groups (421.0±270.2 pg/mL) (p=0.039; Figure 3 ).
In DM patients, serum IL-18 level was found to be significantly correlated with the global disease activity VAS score (r=0.531, p=0.001), MITAX total score (r=0.481, p=0.005), and disease activity of the skin (r=0.462, p=0.007), lung (r=0.569, p=0.001), and heart (r=0.528, p=0.001). In particular, strong positive correlation was observed between the global VAS score and MITAX total score (r=0.859, p<0.0005). The two scores were also found to be correlated with the level of CK (r1=0.398, p1=0.022; r2=0. 415 Figure 4-6) . In contrast, no such associations were found in PM patients (data not shown).
DISCUSSION
Autoimmune mechanisms are thought to play important roles in the pathogenesis of both DM and PM. 15 This may be caused by the imbalance in T-helper cell cytokine levels, 16 which has been shown to cause high production of both tumor necrosis factor-alpha and interferon-gamma during muscle inflammation. 17 IL-18 is a Th1 cytokine that contributes to the activation of Th1 immune response. IL-18 is a member of the IL-1 family and secreted by antigen presenting cells. IL-18 also contributes to the regulation of the IL-18/IL-18R pathway and was shown to be associated with the clinical symptoms of DM and PM. 8, 9 In our study, serum IL-18 level was found to be significantly elevated in patients with DM when compared to those with PM or healthy individuals. The level was particularly high in DM patients with severe disease, in agreement with a previous report by Gono et al. 11 However, we did not observe any significant difference in IL-18 level between the PM and control groups. This finding differs from a previous study that demonstrated increased IL-18 in patients with PM. 10 Furthermore, we found that serum IL-18 level was positively correlated with disease activity in patients with DM, based on the MDAAT assessment which includes the MYOACT global disease activity score and MITAX disease activity total score. No such correlations were found in patients with PM. This finding is in agreement with a study by Shen et al. 18 which also demonstrated serum IL-18 association with disease activity in DM, but not in PM patients. Thus, our results indicated that IL-18 plays more important roles in the pathogenesis of DM than PM, and can be considered as a serological maker for DM disease activity. In contrast, IL-18 role in PM could not be established in present study.
Interstitial lung disease, one of the most common complications of DM/PM, is a key factor that determines the prognosis of the patients. 19 The mortality rate increases by 20-60% when ILD is found in DM/PM patients. 20, 21 In this study, serum IL-18 level was found to be higher in DM patients with ILD than in those without ILD. Meanwhile, serum markers such as CK, AST, ALT, LDH, HBDH, and anti-Jo-1 were also found to be strongly correlated with the presence of ILD in DM patients. These findings may be explained by a series of pathological processes mediated by activated alveolar macrophages. These cells produce leukotriene B4 and IL-8 in response to high serum IL-18 concentration and stimulate neutrophils to induce lung fibrosis. [22] [23] [24] Previous study in mice demonstrated that IL-2 and IL-18 were responsible for the induction of ILD via 
Global VAS score Global VAS score Global VAS score Global VAS score Global VAS score Global VAS score IL-18 Correlates Dermatomyositis interferon-gamma production, 25 demonstrating IL-18 role in the pathogenesis of ILD. We were unable to establish a correlation between serum IL-18 level and ILD in patients with PM. This is consistent with a previous study that also found no difference in serum IL-18 in PM patients with or without accompanying ILD. 11 Our results suggest that IL-18 plays greater roles in the induction of ILD in DM when compared to PM patients, and IL-18 can be used as a serum marker for DM patients with ILD.
A limitation of our study is the small sample size of PM patients with ILD. Thus the role of IL-18 in the progression of PM still needs larger cohorts to be validated.
In conclusion, serum IL-18 was found to be elevated in DM patients and the level was particularly associated with disease activity and ILD complication in these patients. Thus, serum IL-18 may serve as a useful serological marker for DM disease activity and DM complicated with ILD.
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